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Red water, the amber to red discoloration of sea water due to a dense bloom 
of plankton, has recently become a rather common occurrence in the inshore waters 
along the Pacific coast of Japan. In the Seto Inland Sea, in particular, owing to 
its enclosed topography and consequent accumlation of the nutrient salts disposed 
from the land, the red water is now of frequent occurrence chiefly during the 
summer (early June to late September), often causing extensive mortalities in the 
natural and cultured population of marine fishes and invertebrates. In addition, 
several phytoplankters whose names had never been mentioned in connection with 
red waters in this sea region have now become the leading species in some of the 
blooms; they include a species of Exuviaella ( dinoflagellate )ll and two forms of 
Eutreptiella (euglanoid).'lZJ We can now count about 30 species of phytoplankters 
among the list of the organisms that have caused red waters in the Seto Inland Sea, 
and some of them have been proved to be toxic to mice and blue gill sunfish.3J 
Although the mechanism of the outburst of a red water is not yet thoroughly 
understood, it is a well established fact that vitamin B12 (cyanocobalamin) or its 
analogues4J5J are required as an essential micronutrient for growth by most of the 
species of phytoplankters constituting red waters, and that growth is at least 
strongly intensified by the presence of these substances in some other species.6J-BJ On 
the other hand, it is also known that vitamin B12 and its analogues are not always 
equally active to an organism requiring them.9l-tZJ 
For the purpose of evaluating the role that vitamin B,2 might play in the 
outbursts of red waters, it should be taken as a pertinent approach to investigate the 
relationship between the vitamin B12 contents of the sea water and the fluctuation 
and succession of the phytoplankton populations which constitute the blooms. 
In this present study the vitamin B12 content of sea water was measured at 
monthly intervals in the nearshore waters of Fukuyama, and its seasonal and 
geographical variations as well as its correlation to phytoplankton blooms were 
discussed, 
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MATERIALS AND METHODS 
Sea water samples were collected generally at monthly intervals during 1970 
and 1971 at the eight stations located in the northern part of Bingo Nada of the 
Seta Inland Sea (St. 1-9 in Fig. 1). These stations were 0.8 to 6 km distant 
from the mouth of the Ashida River, and water depths measured 2 to 6 m. The 
water samples were taken at a depth of 2 m at each station with the Kitahara 
water bottle at low tide. Sample waters were immediately brought to our laboratory, 
where they were filtered through the membrane filter (Sartorius, pore size 0.45 Jl-) 
to exclude the suspended matters. The filtrates were stored at -25 a C until use. 
Vitamin B12 contents in the filtered sea water samples were determined by the 
microbiological assay method depending on Lactobacillus leichmanii ATCC 7830. 
The thawed sample was dialyzed, in a cellophane membrane, against distilled water 
to diminish the inorganic salts which might disturb the growth of the test bacteria. 
The dialysis was carried out two times each for 12 hours, and the distilled water 
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Fig. 1. Sampling stations. 
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was changed several times in each dialysis procedure, The aliquots, usually 5 m£, 
of the dialysates were subjected to the microbiological assay. The results of the 
assay for the triplicate subsamples c-oincided usually within 0. 05 mfl-g vitamin B12 
per litre. 
In 1971 the chlorinity and the temperature of the sea water at 2. 5 m depth 
were measured at St. 2 and 9 on the same days as the sea water samples were 
collected. 
RESULTS 
In the 60 samples collected on eight occasions during 1970, the concentration 
of vitamin B12 ranged between 0.42 and 6.43 mll-gf£ (Table 1). In the 56 samples 
collected on seven occasions in 1971, it was within the range of 0. 70-3.62 mfl-g/ £ 
(Table 2). It is noteworthy that all the samples tested contained vitamin B12 in 
Table 1. Vitamin B12 contents in sea water along the coast of 
Fukuyama in 1970. (mpg/P-) 
Sampling 
date St. 1 St. 2 St. 3 St. 4 St. 5 
St. 6 St. 7 St. 8 
May 12 2.86 2.63 2.92 1.43 0.95 1.67 2.02 0.77 
Jun. 9 1.11 2.90 2.54 3:o8 3.26 6.43 2.00 1.46 
Jul. 18 2.87 3.36 1.68 2.75 2.57 3.81 1.99 1.87 
Aug. 6 2.6Cl 2.14 4.27 1.96 1.03 2.66 2.74 1.91 
Aug. 28 2.02 
* * 
2.36 3.98 1. 74 
* * 
Sept. 8 2.34 2.42 2.67 2.55 2.36 2.15 2.13 2.45 
Oct. 13 2.27 2.16 2.99 1. 74 1. 78 2.25 2.35 2.29 
Dec. 15 5.92 1.64 1.32 0.62 0.56 1.63 0.87 0.42 
Mean 2.75 2.46 2.63 2.06 3.06 2.79 2.01 1.59 
* No measurement. 
Table 2. Vitamin 1312 contents in sea water along the coast of 
Fukuyama in 1971. (mpg/P-) 
Sampling St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 date 
Apr. 30 1.63 1.64 1.96 1.86 1.91 1.12 0.92 1.2::! 
May 27 :!.41 2:63 1.64 2.44 0.99 1.99 2.99 0.96 
Jun. 29 3.62 2.77 2.71 2.72 2.77 2.69 2.74 2.88 
Jul. 29 1.12 1.43 1.64 1.53 2.66 2.69 2.07 0.92 
Aug. 27 0.70 1.56 1.46 2.53 2.42 2.00 2.13 0.88 
Oct. 19 2.49 2.92 2.65 2.02 1.92 1.53 2.75 0.94 
Nov. 16 1.42 1.65 1.76 1.83 2.83 2.00 1.46 1.09 
Mean 1.91 2.09 1.97 2.13 2.21 2.00 2.15 1.27 
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concentrations well above the lower detection limit inherent in the present method 
of bioassay. In either year about 85% of the samples showed vitamin B12 contents 
between 1 and 4 mf-l'gf£, and about 10% of the samples, values less than 1 mf-l'g/£. 
Concentrations over 4 mf-l'g/ £ were shown only by the three samples collected in 
1970. All these values are comparable with those hitherto reported from the coastal 
regions of Japan.'3l-lS) 
When the vitamin B12 contents of the eight sea water samples collected on a 
same day were compared mutually, the sample from St. 8 usually showed lower 
values than most of the other samples. The six samples from St. 2 through St. 7 
were usually somewhat similar in vitamin B,2 contents, the ratio of the highest value 
to the lowest not exceeding 3. The water sample from St. 1 was apt to give an 
extraordinary low or high value. The low values at St. 8 were probably ascribable 
to the fact that this station, most distant from the river mouth (viz., 6 km), was 
subjected to the influence of the offshore water to greater degrees than the other 
stations. The horizontal chlorinity gradients in this sea region are reflected by the 
chlorinity difference between St. 2 and St. 9 as shown in Fig. 2. The rather great 
variations in the vitamin B,2 contents at St. 1 were probably caused by the varying 
mixing ratio between the river drainage and the sea water, since this station was 
ver near to the river mouth (0. 8 km). The annual mean of the vitamin B,2 
contents were within the range of 1. 97-3. 06 mf-l'gf £ for each of St. 2 to St. 
7, and relatively lower at St. 8 (1.27 and 1.59 mf-l'gf£). 
In order to check the seasonal trend of the vitamin B,2 concentration in the 
general area represented by St. 2 through St. 7, the concentrations at these six 
stations, as given in Tables 1 and 2, were averaged for each sampling day (Table 3). 
In both 1970 and 1971, these daily averages were kept at relatively high levels from 
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Table 3. Seasonal trend of vitamin B12 content in sea 
water along the coast of Fukuyama. (mpgjQ) 
1970 
Sampling *Average for 
date St. 2 to St. 7 
May 12 1.94 
Jun. 9 2.76 
Jul. 18 2.69 
Aug. 6 2.11 
Sept. 8 2.38 
Oct. 13 2.21 
Dec. 15 1.11 
---~~-~ 
-r 
Mean 2.17 I 
Sampling 
date 
Apr. 30 
May 27 
Jun. 29 
Jul. 29 
Aug. 27 
Oct. 19 
Nov. 16 
Mean 
1971 
Average for 
St. 2 to St. 7 
1.57 
2.11 
2.73 
2.00 
2.02 
2.30 
1.92 
2.09 
* Values over 4 mpgjQ were excluded from the calculation. 
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Nov. 
May to October, viz., in the months with water temperatures above about 18°C 
(Fig. 3). A higher maximum occurred in June or July and a lower maximum 
in September or October. The first maximum roughly coincided with the rainy 
period in the early summer, when the chlorinity of the local sea water dropped 
markedly owing to the diluting effect of the river drainage (Fig. 2). The annual 
mean of these daily averages happened to be nearly equal in 1970 and 1971 (i.e., 
2.17 and 2.09 mp.gj.e). 
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Out of the 15 sample-collecting occasions dming the two years, three coincided 
with red water blooms. On August 28, 1970, a dense bloom of a marine euglenoid 
(Eutreptiella sp.) occupied St. 4, 5 and 6, and the sea water contained 2.36, 3.98 
and 1. 74 mp.gj £ vf vitamin B12 respectively. On June 29, 1971, the upper zone of 
the whole area represented by St. 2 throuth St. 7 was inhabited by a dense population 
of an unarmored dinoflagellate (Heterosigma sp.), and about 2. 7 mp.gj £ of vitamin 
B12 were detected in the water samples from these stations. On August 27, 1971, 
St. 4, 5 and 6 were occupied by the red water bloom of another naked dinoflagellate 
( Gymnodinium sp.) from the smface to the bottom, and the vitamin B12 contents 
of sea water were 2. 53, 2. 42 and 2. 00 mp.gj £ respectively. The vitamin B12 
concentrations mentioned above fall within the range between the annual mean and 
the twice; in other words, it did not appear that the concentration of vitamin B12 
in the sea water showed any conspicuous decrease in these red waters. 
DISCUSSION 
Vitamin B12 concentrations in oceanic and coastal sea waters have been reported 
by several authors.16J-20J Their results range from an undetectable level up to 150 
mp.gj £, and are less than 10 mp.gj £ in most cases. Since these authors used different 
test organisms for the bioassay, some of their results may reflect the combined effect 
of vitamin B12 and one or more of its analogues. The values obtained in the present 
study may be regarded to represent mainly vitamin B12 (cyanocobalamin) itself, because 
the employed test organism (Lactobacillus leic hmanii) is specifically responsive 
to vitamin B12 and some of its analogues but not to other analogues such as 
Factors B and C.21J According to DRooP7l, the concentrations of vitamin B12 ana-
logues are far lower than that of vitamin B12 itself in ocean waters. If this is also 
the case with the sea waters of inshore regions, the figures in Tables 1 and 2 
should approximate the concentration of vitamin B12• 
The contents of vitamin B12 in marine sediments were assayed by KURATA14l, 
0HWADA and TAGA22> and others, and they concluded that vitamin B12 producing 
bacteria are rather commonly found in marine muds and are especially abundant in 
the surface layer of the bottom muds of coastal regions. Hence the suggestion arises 
that, in the inshore waters presently studied, the muddy bottom coupled to the 
shallow water depths is probably a proliferous source of vitamin B12 supply to the 
sea water throughout the year. 
According to MENZEL and SPAETH23l, in the Sargasso Sea where vitamin B12 
concentration was very low, auxotrophic diatoms occurred in significant number only 
at the time of the vitamin B12 maximum, and the species that do not require this 
vitamin dominated the phytoplankton at other times. In contrast, in the inshore 
waters of Fukuyama the sea water contains 2 mp.gj £ or more of vitamin B12 during 
the warm season of the year, which corresponds to the concentrations sufficient to 
grow chrysomonads to population densities over 105 cells/ £.6> Therefore, it seems 
probable that vitamin B12 should not be a limiting factor to the fluctuations and 
reccurrences of red waters in this region during the warm months of the year. 
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SUMMARY 
In the nearshore region of the Seto Inland Sea off Fukuyama, where red water 
blooms of phytoplankton frequently occur, the vitamin B12 content of the sea water 
was determined at nearly monthly intervals except in winter during 1970 and 1971. 
Water samples were taken from a depth of 2 m. The vitamin B12 content of the 
sample water filtered through a membrane filter was determined by the microbiological 
assay depending on Lactobacillus leic hmanii. The results can be summarized as 
follows: 
1) Vitamin B12 was detected in all the samples. Its concentration varied 
between 0. 42 and 6. 43 mp.gf .e. 
2) The vitamin B12 content was not conspicuously low in the sea water samples 
taken within red water blooms. Though its seasonal variation was not conspicuous, 
it was generally high in the months of high water temperatures (ea. 18°C or above); 
the maximum occurred in June or July when the chlorinity of sea water dropped 
due to the rainy season; a secondary maximum occurred in September or October. 
3) At the station most distant from the river mouth (viz., 6 km) the sea water 
showed somewhat lower contents of vitamin B12 than at other stations. Besides the 
river drainage, the bottom mud was also considered as source of vitamin B12 supply. 
4) In the present waters the fluctuation and succession of phytoplankton blooms 
took place during warm months. It does not seem probable, however, that these 
phenomena were controlled by any paucity of vitamin B12, because the latter was 
present in these months usually in concentrations of 2 mp.gf .e or above, which is 
sufficient to grow some of the vitamin B12 requiring plankters to a population density 
of about 105 cellsjm.e. 
ACKNOWLEDGEMENT 
This study was partly supported by a grant from the Ministry of Education. 
The authors wish to express their sincere thanks to Associate Professor Hideo 
I w A SAKI of this faculty for his kind advices during this study. 
REFEf~ENCES 
1) lwASAKI, H.: ]. Oceanogr. Soc. japan, 2!1, 152-157 (1971). 
2) 0KAICHI, T.: Bull. Plankton Soc. japan, 16, 115-121 (1969). 
3) lNOUE, A. and AsAKAWA, S.: Annual meeting of Jap. Soc. Sci. Fish., Code No. 635 (Apr., 1971). 
4) DRooP, M. R.: in "Biochemistry and physiology of Algae" (LEWIN, R. A. ed.), pp. 131-159, 
Academic Press, New York, N. Y. (1962). 
5) PROVASOLI, L.: in "The Sea" (HILL, M. N. ed.), vol. 2, pp. 165-219, Interscience, New York, N. 
Y. (1963). 
6) DRooP, M. R.: Nature, 174, 520-521 (1954). 
7) DRooP, M. R.: ]. Mar. Biol. Ass. U. K., 34, 229-231 (1955). 
8) PROVASOLI, L.: Ann. Rev. Microbial., 12, 279-308 (1958). 
9) lwASAKI, H. and SASADA, K.: Bull. ]ap. Soc. Sci. Fish., 35, 943-947 (1969). 
20 Akio lNouE, Haruyuki KoYAMA and Suezo AsAKAWA 
10) lwASAKI, H.: Bull. Plankton Soc. Japan, 16, 132-139 (1969). 
11) lwASAKI, H., 0KADA, Y. and TANAKA, S.: Bull. Plankton Soc. Japan, 16, 140-144 (1969). 
12) IwASAKI, H.: Bull. Jap. Soc. Sci. Fish., :fl, 606-609 (1971). 
13) KASHIWADA, K., KAKIMOTO, D., MoRITA, T., KANAZAWA, A. and KAWAGOE, K.: Bull. Jap. Soc. Sci. 
Fish., 22, 637-640 (1957). 
14) KuRATA, A.: J. Oceanogr. Soc. Japan, 25, 103-108 (1969). 
15) 0HwAnA, K. and TAGA, N.: Marine Chemistry, 1, 61-73 (1972). 
16) LEWIN, R. A.: J. Gen. Microbial., 10, 93-96 (1954). 
17) CowEv, C. B.: J. Mar. Biol. Ass. U. K., 35, 609-620 (1956). 
18) CARLUCCI, A. F. and StLVERNAGEL, S. B.: Can. J. Microbial., 12, 175-183 (1966). 
19) DAISLEY, K. W. and FISHER, L. R.: J. Mar. Biol. Ass. U. K., :fl, 683-686 (1958). 
20) CARLucci, A. F. and StLBERNAGEL, S. B.: Limnol. Oceanogr., 11, 642-646 (1966). 
21) KAMIKUBO, T.: Vitamin, 11, 328-338 (1956). 
22) OHWADA, K. and TAGA, N.: J. Oceanogr. Soc. Japan, 25, 123-136 (1969). 
23) MENZEL, D. W. and SPAETH, ]. P.: Limnol. Oceanogr., 7, 51-54 (1962). 
$~1.MiJl9e""t0RlilllJ\'lJJllmt~IC:. 8 :AE.~~~vt. 1970-197HfQ)r.,,, ~Wi~~~ll:if4J3;J.I$7JC9='Q) ~·31 ~ / 
B12 ~:llt~ll!U:AE lA-:. l.*lJ(It 2 m!lil' l?rrtJ:~', ,( / 7· 7 /7 1 '"' 31- -c;·lfi~t&.iP~IC:. 01. '-c Lactobacillus 
leichmanii ~ffl'-'-ce:3' ~ / B12~:AE:lltl...t-::. 
*li!f:~J!~-t0 cf'XQ)Ji IJ -c:·ii!J 0. 
1) _::Q)lfli~tc:.:J;>1.,-c, ~-31 ~ /Bl21i$7](9='iJ,I?td .. ft9HI:l~h. -'(-Q)il:lt0.42~6.43mpg/.Q -c:·z!!, 0 
t-::. 
2) -:: Q)jjiij:¥tc:. {, $~1H'.!Hu U-::il'. 9e~l!iftc:.$7J(9='Q) e: 31 ~ / B 12 Q)~.Jltc:.l!!l~td~rli~lt> l?:htJ:il' 
0t-::. ~JlP~{I::Ii~L<IHJ:il'--:>kil'. iWi7.Kilii\.:liJi (~18oC .1:-Jl:) tcvte:3' ~ / B12~:m:1t~L-ci\'li<. ~ 
liffi:liJjQ)tli;)J'-{!1r:liJiC:·ii!J0 6-7 JHd&~~~L. 9-lOJ.Itc:.t~~Jti;/JUQ){I;il:firJ~~U-::. 
3) iilJr:JiJ>I?Ji\t{,J:8!:1.' (~6km) :AE.~-c:·lt, ftl!.Q):AE,~J: IJt~:5:t~:lli:il'{l&iJ> 0 t-::. tJ::J;>, ~-31 ~ /B12Q) 
fflj*f;u, iilJ7J(ICJ:0HI.P, $JL!;;¥Jetc:.{,EI:J*-j-0{,Q)c~X.J?.ht-::. 
4) _::Q)$~1C:l;>t,-clt, ~:liJiiCii-~IC:. 2 mpgj.Q J:-Jl:Q)~-3< ~ /B12 il'$7](9='tcj~q'fU-::. -::;hti~· 
3< ~ /Bl2~J!;i<""t07.7/!l r /iJ;l05 cells/m.Q:ffi\~Q)~'!l¥~J1%t""t01C:.JE0/lJ:ltC:·i!!J0. {lf 0 -c, :)/tJ: 
< c {, _::Q)$~1C:l;>1,,""(ft, ~-31 ~ / Bl2il'~:l1Jitc:l;>ft0$i'IQ)Wjfi::Il~~jfilj~-j-01ZSircli~X.IC< '-'· 
